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ABSTRACT: In this study, atmospheric variables such as air temperature, relative humidity and atmospheric 
pressure were evaluated in order to determine the atmospheric refractivity over Auchi town in Edo State, Nigeria using 
a portable weather monitoring system. The data revealed that, the average atmospheric refractivity was 354.31 N-units. 
It was observed that air temperature, relative humidity and atmospheric pressure were having significant influence on 
the atmospheric refractivity during all the months in 2017. This influence was much during the months with higher 
rainfall (wet season), than the months with lesser rainfall (dry season). The air temperature was having the higher 
influence compared to that of the relative humidity and the atmospheric pressure. This study will assist the management 
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The electromagnetic waves that are propagated in the 
lower atmosphere (troposphere) are mainly influenced 
by the different components that made up the 
atmosphere, as a result of the variations of the some 
major atmospheric weather variables which includes; 
atmospheric temperature, atmospheric pressure and 
relative humidity in the troposphere (Korak, 2003; 
Agbo, et al., 2013; Ukhurebor and Azi, 2018). The 
variations in these atmospheric weather variables 
cause the refractive index of the air in this region of the 
atmosphere (troposphere) to differ from place to place. 
It is obvious that the path bending of electromagnetic 
waves as a result of the  inhomogeneous spatial 
distribution of the refractive index of air causes hostile 
effects such as multipath fading and interference, 
attenuation due to diffraction on the terrain obstacles 
which is also known as the radio holes (Martin and 
Vaclav, 2011). The variation in refractivity in the 
troposphere is a function of weather variables (Agbo, 
et al., 2013; Ayantunji, et al., 2011; Okoro, et al., 
2012; Ukhurebor and Azi, 2018). 
 
The refractivity in the atmospheric depends on some 
physical variables of the air such as air temperature, 
atmospheric pressure and water content. It varies in 
space and time as a result of the physical processes that 
take place in the atmosphere which are often not too 
easy to describe in a deterministic manner and have to 
be considered in most cases as random with its 
probabilistic characteristics (Martin and Vaclav, 2011; 
Ukhurebor and Azi, 2018). The various phenomena in 
the wave propagation like ducting, scintillation, 
refraction, fading of electromagnetic waves, range and 
elevation errors in radar acquisition are as a result of 
refractivity (Martin and Vaclav, 2003). Refractive 
characteristics are very crucial in the planning and 
designing of terrestrial communication systems, due to 
multi-path fading and interference due to trans- 
horizon propagation. Recent researches on 
atmospheric refractivity effects uses both the 
experimental results obtained from in situ 
measurements of atmospheric refractivity and the 
computational methods to simulate the refractivity 
related propagation effects (Martin and Vaclav, 2011). 
Refractivity variation studies are relevant in 
telecommunication network, navigation and 
surveillance systems in order to mitigate with the 
problems that may occur as a result of anomalous radio 
wave propagation and unpredicted path loss that 
affects the performance of these systems (Ukhurebor 
and Azi, 2018). These unpredicted radio wave 
propagations can cause intense effects to the extent of 
complete breakdown of communication between the 
transmitters and the receivers or even make radar to 
completely miss its intended target (Alam, et al., 2016; 
Ukhurebor and Azi, 2018). 
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In this study the measurement of three atmospheric 
weather variables (atmospheric temperature, relative 
humidity and atmospheric pressure) were made at 50 
m height above ground level at the Administrative 
building of Edo University Iyamho, Auchi area of Edo 
State, Nigeria for a period one year (January to 
December, 2017) using a self-designed cost effective 
portable weather monitoring systems. The measured 
weather variables were used to calculate the 
atmospheric refractivity variation and seasonal 
transaction characteristics over Auchi area, South-
South, Nigeria and the results would be useful to the 
management of radio communication systems for 
enhancement and improvement purposes. 
 
MATERIALS AND METHODS 
Mathematical Information: It has been shown that the 
electromagnetic waves that are passing through the 
atmosphere bends, due to the various layers of the 
atmosphere and its permittivity, but it would have 
otherwise travel in a straight path if it was 
homogeneous; as a result of this spatial distribution of 
the refractive index of the air which causes hostile 
effects (Martin and Kvicera, 2011; Ukhurebor and Azi, 
2018). The atmosphere’s refractive index, n and the 
relative permittivity, Ԑr can be connected with 
(Adediji, et al., 2011; Alam, et al., 2016; Ukhurebor 
and Azi, 2018); 
 
n2 = Ԑr                                                 (1) 
 
Since the value of the atmospheric refractive index is 
close to one and the variation is infinitesimal. A 
suitable parameter that can be used when modeling the 
variation of the atmospheric refractive index is the 
refractivity, N which is defined as; 
 
N = (- 1) ×106                                   (2) 
 
The Refractivity, N and atmospheric weather variables 
such as the air temperature, atmospheric pressure, 




 	 + 

                         (3) 
 
The atmospheric refractivity, N can thus, be expressed 
as (ITU-R, 2004); 
 
N = 77.60 
	
 + .  × 
 
         (4) 
The troposphere refractivity can be divided into two 
proportions, namely; the dry proportion and the wet 
proportion. The dry proportion contributes about 70% 
of the total refractivity in the troposphere. This dry 
proportion increases with increasing density of the gas 
molecules and changes with their distribution. It is 
normally stable and can be calculated from the 
measured air temperature and atmospheric pressure 





                                        (5) 
 
Where P is barometric pressure (millibars) and T is 
absolute temperature in Kelvin. 
 
On the other hand, the wet proportion which is as a 
result of the polar nature of water molecules, 
contributes the main variation of refractivity in the 
atmosphere and can be calculated (Agbo, et al., 2013) 
using; 
 
Nw= 3.73×                          (6) 
 
Where E is partial pressure of water vapor (millibars) 
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Where RH is the relative humidity (%) and Es which is 
the saturated vapor pressure (millibars) by; 
 
Es= 6.11 ×  
. (.)
.           (8) 
 
Area of Study: The measurements of the atmospheric 
weather variables were done at the administrative 
building block of Edo University Iyamho, Auchi area 
of Edo State, South-South, Nigeria which is located 
within Latitude 7.07°N and Longitude 6.27°E of the 
Greenwich Meridian. This area experiences the humid 
tropical climate, which is characterized by wet and dry 
seasons. The vegetation of the area is that of the 
Savannah, with mostly open grassland and few 
scattered fire resistant trees. The topography is 
relatively undulating and it slopes from the north of the 
area to the south (Ojeifo and Akhimien, 2013; 
Ukhurebor and Azi, 2018). 
 
Material and Method of Measurements: A self-
designed inexpensive portable weather monitoring 
system was used for the measurements of the various 
atmospheric weather variables used for this study. The 
weather monitoring system measure atmospheric 
weather variables and store them on a micro SD card. 
Details of the system design and implementation 
including its validity is contained in Ukhurebor et al., 
(2017a). 
 
The fixed measuring method by placing the weather 
monitoring system on the 50 m above ground level was 
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employed for the measurements of the atmospheric 
weather variables of air temperature, atmospheric 
pressure, relative humidity and light intensity at the 
administrative building block of Edo University 
Iyamho, Auchi area of Edo State, Nigeria for 
continuous measurement of these weather variables. 
The measured weather variables are then copied from 
the weather monitoring system to the computer from 
the micro SD card. The measurements of the 
atmospheric variables were made for a period of one 
year (January to December, 2017). The weather 
variables were collected and the records cover twenty 
four hours each day from 00 hour to 2300 hours local 
time at intervals of one hour. Although, the weather 
monitoring system measures about four atmospheric 
weather variables as stated earlier, only the daily 
records of air temperature; which is defined as the 
measure of temperature at different levels of earth’s 
atmosphere which is expressed in degree Celsius (o C), 
atmospheric pressure; which is defined as the force 
exerted on unit surface area on the earth by the weight 
of earth’s atmospheric air above its surface which is 
often expressed in (mbar/hPa) and relative humidity 
(%); which is defined as the ratio of the amount of 
water vapor in the air at any given temperature to the 
maximum amount of water vapor that the air can hold 
(Ukhurebor et al., 2017a; Devaraju, 2015), were used 
for this part of the research. 
 
RESULTS AND DISCUSSION 
The analysis for this study was done procedurally via 
calculation of the atmospheric refractivity from the 
measured atmospheric weather variables (air 
temperature, relative humidity and atmospheric 
pressure). Some statistical analysis was also done so as 
to determine their variability as shown in Figure 1. 
Comparisons of the various measured atmospheric 
variables and the calculated atmospheric refractivity 
values were also done graphically. The results are 
presented in the various plots of measured weather 
variables against the calculated atmospheric 
refractivity during the various months (January to 
December) in 2017 as shown in Figures 2-4. 
 
The calculated atmospheric refractivity values for the 
months (January to December) in 2017 range from 
316.00 N-units to 370.00 N-units with an average 
value of 354.31 N-units. These calculated results agree 
very well with the results of Adedijiet al., (2011) and 
Falodun and Ajewole (2006) were they obtained the 
average surface refractivity values of 366 N-units and 
369 N-units for Akure, Ondo State, Nigeria, 
respectively. Both results are in conformity with the 
results of Bean and Dutton (1968) where they obtained 
an annual average value of surface refractivity for 
subtropical savannah as 350–400 N-units with an 
annual range of 30–60 N-units. 
 
Fig. 1: Monthly Variations of Atmospheric Refractivity 
 
In Figure 1 the calculated atmospheric refractivity 
variations for the one year period under consideration 
(January to December, 2017) on monthly basis which 
were obtained from the monthly records are shown. It 
was observed that the values are higher during the 
months of March, April, May, June, July, August, 
September and October which happens to be the period 
of much rainfall and are occasioned by very high air 
humidity values; while, the values were lower in the 
months of November, December, January and 
February which happens to be the dry period were 





Fig. 2: Air Temperature with Atmospheric Refractivity 
 
Figure 2 shows the plot of the measured air 
temperature against the calculated atmospheric 
refractivity during the various months (January to 
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Fig. 4: Atmospheric Pressure with Atmospheric Refractivity 
 
Figure 3 shows the plot of the measured relative 
humidity against the calculated atmospheric 
refractivity during the various months (January to 
December) in 2017, while Figure 4 shows the plot of 
the measured atmospheric pressure against the 
calculated atmospheric refractivity during the various 
months (January to December) in 2017. It was 
observed that these measured weather variables were 
having significant influences on the calculated 
atmospheric refractivity during all the months in 2017, 
and these influences were more pronounced during the 
months with much rainfall that is; March, April, May, 
June, July, August, September and October (rainy 
season), compared with the months with lesser rainfall 
that is; November, December, January and February 
(dry season). 
 
In all, the measured air temperature was seen to be 
having much influence on the  calculated atmospheric 
refractivity all through the months in 2017, this again 
affirm that fact that air temperature have significant 
influence on other weather variables (Ukhurebor et al., 
2017b).  
Conclusion: From the results obtained from this study, 
it was inferentially concluded that the measured air 
temperature, relative humidity and atmospheric 
pressure were having significant influence on the 
calculated atmospheric refractivity during all the 
months in 2017 and these influences were much during 
the months with higher rainfall (wet season) while the 
measured air temperature was having much influence 
on calculated atmospheric refractivity all through the 
months in 2017. The results from this study will assist 
the management of radio communication systems in 
improving their quality of service. 
 
Acknowledgement: The authors appreciate the 
assistance from the Centre for Atmospheric Research 
(CAR), Ayangba, Kogi State, Nigeria. We are also 
grateful to Prof. Augusto José Pereira Filho of the 
Institute of Astronomy, Geophysics and Atmospheric 
Sciences, University of Sao Paulo, Brazil for his 
assistance and contributions. 
 
REFERENCES 
Adediji, AT; Ajewole, MO; Falodun, SE (2011). 
Distribution of Radio Refractivity Gradient and 
Effective Earth Radius Factor (k-factor) over 
Akure, South Western Nigeria. Journal for 
Atmospheric and Solar-Terrestrial Physics, 73: 
2300-2304. 
 
Agbo, GA; Okoro, ON; Amechi, AO (2013). 
Atmospheric Refractivity over Abuja, Nigeria. 
Inter.Res. Journal Pure Appl. Physics, 1(1): 37-
45. 
 
Alam, I; Mufti, N; Shah, SAA; Yaqoob, M (2016). The 
Effect of Refractivity on Propagation at UHF and 
VHF Frequencies. Inter. J. Antennas and 
Propagation,1-8. 
 
Ayantunji, BG; Okeke, PN and Urama, JO (2011). 
Diurnal and Seasonal Variation of Surface 
Refractivity over Nigeria, Progress in 
Electromagnetics Research, Vol. 30, pp 201-222. 
 
Bean, BR; Dutton, EJ (1968). Radio Meteorology. 
Dover Publication Co., New York, pp 259–273. 
 
Devaraju, JT; Suhas, KR; Mohana, HK; Vijaykumar, 
AP (2015). Wireless Portable Microcontroller 
Based Weather Monitoring Station. Measurement 
(Elsevier), 76 (2015), pp 189-200. 
 
Falodun, SE; Ajewole, MO (2006). Radio Refractive 
Index in the Lowest 100 m Layer of the 
Troposphere in Akure, South Western Nigeria. J. 



















































Influence of Weather Variables on…..                                                                                                                475 
 
UKHUREBOR, KE; AZI, SO; ABIODUN, IC; OJIEMUDIA, SE 
 
KorakShaha, PN (2003). The Physics of the Earth and 
its Atmosphere. John and Sons Inc., New York, 
USA. 
 
Martin G; Vaclav K (2003). Refractive Index 
Measurement at TV-Tower Prague. J. Radio 
Engineer. 12 (1): 5-7. 
 
Martin, G; Vaclav, K (2011). Atmospheric Refraction 
and Propagation in Lower Troposphere. 
Electromagnetic Waves, Prof. VitaliyZhurbenko 
(Ed.), ISBN: 978-953-307-304-0, In Tech 
(www.intechopen.com). 
 
Ojeifo, MO; Akhimien, FO (2013). Pattern of Fencing 
and Impacts in Urban   Auchi, Edo State, Nigeria. 
Inter. J. Physical and Human Geography, 1(1), 
26-34. 
 
Okoro, ON; Agbo, GA (2012). The Effect of Variation 
of Meteorological Parameters on the 
Tropospheric Radio Refractivity for Minna. 

































The Recommendation 370 of the International 
Telecommunications Union; ITU-R (2004).The 
Refractive Index: Its Formula and Refractivity 
Data, No. 453-9. 
 
Ukhurebor, KE; Abiodun, IC; Azi, SO; Otete, I; 
Obogai LE (2017a). A Cost Effective Weather 
Monitoring Device. Archives of Current Res. 
Inter.7 (4): 1-9. 
 
Ukhurebor, K; Batubo, TB; Abiodun, IC; Enoyoze, E 
(2017b). The Influence of Air Temperature on the 
Dew Point Temperature in Benin City, Nigeria. J. 
Appl. Sci. Environ. Manage. 21 (4): 657-660. 
 
Ukhurebor, KE; Azi, SO (2018). Review of 
Methodology to Obtain Parameters for Radio 
Wave Propagation at Low Altitudes from 
Meteorological Data: New Results for Auchi Area 
in Edo State, Nigeria. J. King Saud University–Sci 
(doi: https://doi.org/10.1016/j.jksus.2018.03.001) 
